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Available online xxxxThere has been a call for forensic science to actively return to the approach of scientiﬁc endeavour. The impor-
tance of incorporating an awareness of the requirements of the law in its broadest sense, and embedding research
into both practice and policy within forensic science, is arguably critical to achieving such an endeavour. This
paper presents a conceptual model (FoRTE) that outlines the holistic nature of trace evidence in the ‘endeavour’
of forensic reconstruction. This model offers insights into the different components intrinsic to transparent, re-
producible and robust reconstructions in forensic science. The importance of situating evidence within the
whole forensic science process (from crime scene to court), of developing evidence bases to underpin each
stage, of frameworks that offer insights to the interaction of different lines of evidence, and the role of expertise
in decision making are presented and their interactions identiﬁed. It is argued that such a conceptual model has
value in identifying the future steps for harnessing the value of trace evidence in forensic reconstruction. It also
highlights that there is a need to develop a nuanced approach to reconstructions that incorporates both empirical
evidence bases and expertise. A conceptual understanding has the potential to ensure that the endeavour of fo-
rensic reconstruction has its roots in ‘problem-solving’ science, and can offer transparency and clarity in the con-
clusions and inferences drawn from trace evidence, thereby enabling the value of trace evidence to be realised in
investigations and the courts.
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Forensic science offers an interdisciplinary approach that provides
insights that can be applied to questions of law. This has traditionally
beenmanifested in a range of ﬁelds that address directly individualising
(such as ﬁngermarks, DNA) or non-directly individualising (such as
glass, paint, ﬁbres, soils) forms of evidence. Forensic science has come
under severe scrutiny for a number of reasons, with the underlying phil-
osophical approach [1,2] and the validity of techniques [3] being signif-
icant areas of contention. In the light of these issues, the current
situation of forensic science has been the subject of discussion, and at
the heart of these debates is the fundamental issue of the identity of
the discipline, and the aim, scope and capabilities of forensic science.
There have been signiﬁcant discussions addressing the issue of iden-
tifying the current paradigmof forensic science and coming to a consen-
sus of the nature of the discipline. The articulation and exploration of
what has arguably become the dominantmodel of ‘forensics’ in contrast
to that of ‘forensic science’ [4,5] is one of the key issues for reaching that
consensus. Within ‘forensics’ the focus is predominantly on how theand Ltd on behalf of The Chartered S
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gy) can assist in the exploitation of evidence within the criminal justice
system. The crime scene is considered to be a distinct activity generally
addressed by the police in an operational and processing capacity [4].
This paper has its foundations in the argument that there needs to be
awholesale return to the roots of ‘forensic science’, in amanner that en-
ables the discipline to be a true scientiﬁc endeavour rather than solely a
series of mechanical and standard technical operations. By offering ro-
bust, transparent and appropriate problem solving approaches to the
whole forensic science process (crime scene to court), rather than focus-
sing almost exclusively on the technical analysis and classiﬁcation of ex-
hibits, it is possible to regain the potential that lies in ‘forensic science’.
Such an argument is not new [4,6,7,8] but engagementwith howwe can
regain ‘forensic science’ from the, more recently, dominant ‘forensics’
approach is imperative for setting the future course of the forensic sci-
ence discipline.
It is important to acknowledge that forensic science is an
intersecting discipline that lies at the nexus of practice, science, law
and policy. There are multiple actors and voices that contribute to
where the agenda for forensic science comes from, and that sets out
what that agenda is. This affects what is being sought in practice and in-
ﬂuenceswhere efforts are channelled in research endeavours. This leadsociety of Forensic Sciences. This is an open access article under the CC BY license (http://
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operate within the intersecting domains of practice, policy/law and re-
search. Yet more complexity is present when the backdrop of cultural,
economic and political factors are taken into account, which impinge
on each domain to greater or lesser degrees at different times and places
[9]. The practice, policy and research domains each have different aims,
structures, and individual and corporate expertise, and there are there-
fore multiple calls made on forensic science. If we are to ‘deﬁne what it
can deliver and with what limitations’ [8:102] and focus resources pro-
ductively and effectively to enable that delivery, wemust articulate con-
ceptually what forensic science needs to achieve. Such a conceptual
understandingwill enable the identiﬁcation anddevelopment of the ap-
proaches that bring together these different domains effectively in order
to deliver robust, transparent, accurate, problem solving forensic
science.
This paper therefore seeks to present a conceptual model that artic-
ulates a holistic, problem solving forensic science approach for the use
of trace evidence in forensic reconstructions. From themodel it is possi-
ble to offer insights into the pathways forward that will enable forensic
science to deliver evidence based forensic reconstructions in a manner
that incorporates the strengths of the intersecting domains and meets
the diverse needs of each of those domains. Ultimately the conceptual-
isation of what forensic science is seeking to achieve with regard to
trace evidence, will offer insights for setting forensic science on a course
to future growth and development that is grounded in its traditional
routes of scientiﬁc endeavour to assist the justice system.
2. The goal of forensic reconstruction: a new conceptual model for
trace evidence
2.1. Problem solving and the interpretation of trace evidence
The scrutiny focussed upon forensic science in recent years has argu-
ably been based upon the validation of techniques, standards and qual-
ity assurance (for example theNational Academyof Sciences report [3]).
TheUK LawCommission [10] presented similar conclusions raising con-
cerns that therewere insufﬁcient scientiﬁc bases for evidence thatwere
being presented in court. This focus on the validity of ﬁelds of forensic
science has led to both a focus upon the standards and validation of
techniques within forensic science practice, and a call for a research cul-
ture in forensic science [8,11]. More recently in 2015, two UK reports,
and in 2016 a US report, have been published addressing forensic science
[12,13,14], and each has highlighted the importance of developing the
means for effective interpretation of forensic evidence. This is awelcome
voice that afﬁrms arguments presented in the published literature, that
to achieve robust and reproducible forensic reconstructions, it is impor-
tant to not only identify the source of a questioned specimen, but also to
have an empirical base for understanding its signiﬁcance (i.e. what it
meanswhen it is identiﬁed as being present in a particular place at a par-
ticular time) [15,16,17]. Three factors are important for any effective
trace evidence interpretation approach. Firstly, it is necessary to be able
to incorporate a sensitivity to the context of the trace as the context
will be different in every case. Secondly (and equally), the approach
must offer sufﬁcient generalisability so as to be able to be applicable to
a wide range of cases. Thirdly, the interpretation of forensic trace mate-
rials should be underpinned by an evidence base that incorporates an
understanding of the behaviour of such traces. It should also understand
the role of human decisionmaking and expertise in the production of in-
ferences, and identify any assumptions being made that impinge upon
those inferences and the signiﬁcance assigned to the conclusions drawn.
2.2. Understanding the nature of trace evidence and human decision mak-
ing in forensic reconstruction
Whilst trace evidence has been disregarded in some quarters in re-
cent years, the value and importance of trace materials should not bePlease cite this article as: R.M. Morgan, Conceptualising forensic science
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plexity needs to be incorporated into any reconstruction approach. Fo-
rensic evidence is complex due to the nature of traces (its different
forms, capabilities, ability to infer source/activity levels, and the interac-
tion of different forms of trace with one another), and the integral part
human decision-making plays in evaluating trace materials.
Trace evidence is a broad term that encompasses a range of different
types of trace.Whilst some traces can offer directly individualising intel-
ligence/evidence, others are non-directly individualising. The different
capacities or natures of different forms of trace, means that different
questions can be posed and addressed depending on the different
forms present. All trace material should be approached as a means of
reaching exclusionary inferences [19]. However, it is important to
note that there are differences in the nature of different forms of trace
[20]. For example, trace DNAmay be able to infer a speciﬁc and individ-
ual source due to the existence of population databases that have
established allele frequencies. In contrast, the analysis of trace amounts
of soil may be able to offer comparative assessment between an exhibit
and comparator sample, but is not able to infer a positive provenance to
the exclusion of all other possible provenance sources.
Trace evidence can have different capabilities in different contexts.
Every case is different, and the information that a particular trace can
offer may vary between cases. For example, depending on the location
of a crime scene, it may be that quartz grain analysis is able to provide
highly discriminatory information between sediments from a crime
scene with those from the footwear of a suspect or an alibi location
[19]. However, there are some geographical locations where this form
of analysis may not be able to provide sufﬁciently discriminatory infor-
mation due to the underlying geology or nature of the surﬁcial sedi-
ments at the scene in question [20]. In such cases the analysis of the
trace quartz particles can provide descriptive information but not an ex-
clusionary conclusion regarding the provenance of the quartz grains.
The role of a number of different forms of trace material in forensic
reconstruction is often ‘greater than the sum of its parts’. One form of
trace may offer insight into one aspect of the forensic reconstruction.
However, as outlined in the published literature (such as [2,21,22]),
multiple forms of evidence will often offer independent lines of enquiry
that can achieve a corroborative and stronger indication of activity and/
or sources that are relevant in reconstructing events. The importance of
having the capacity tomap the interaction of the different and pertinent
forms of trace material within a forensic reconstruction is therefore
signiﬁcant.
Trace evidence is also a complex entity given that it is not only able
to offer insights to the composition of a particulate/trace but also possi-
ble provenance of a questioned sample (as is often the goal within the
‘forensics’ paradigm). In certain circumstances the activities that have
led to the deposition of a trace may also potentially be inferred. In
order to make these forms of inferences, an understanding of the dy-
namics of these different forms of trace is a prerequisite for being able
to infer the signiﬁcance of a trace when it is found in a particular loca-
tion at a particular time. Trace evidence dynamics refers to how a specif-
ic form of trace behaves, for example, how and when it transfers,
persists and is preserved in different environments and in different con-
ditions. The importance of basing such inferences on evidence bases
cannot be overstated. In addition, identifying where assumptions may
be beingmade with regard to the nature of a transfer (direct or indirect
contact for example, [23]) is important in determining the weight that
can be assigned to those conclusions drawn from trace evidence in
reconstructions.
To utilise the signiﬁcant potential of trace material for robust foren-
sic reconstructions, it is important to also incorporate an understanding
of the role of human decision-making in any inferences and conclusions
drawn from the detection, identiﬁcation and analysis of trace materials.
Human decision-making can be identiﬁed at each stage of the forensic
process, for example identifyingwhere to search at a crime scene, decid-
ing the best strategy for evidence analysis in the laboratory, ascertainingand forensic reconstruction. Part I: A conceptual model, Sci. Justice
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in a particular case, and assessing the means of presenting those ﬁnd-
ings to investigators as intelligence or to the court as evidence. As
such, human decision-making is a fundamental part of any forensic re-
construction and this must be understood in a way that incorporates
the different components that make up ‘expertise’ (skills, experience,
routines, and technical knowledge [24]). Whilst automated systems
can be built and trained to identify speciﬁc components or accurately
measure the composition of a material, the role of the expert is integral
to the reconstruction approach. This is in part due to the need for any re-
construction to be sensitive to the speciﬁc context of the case in hand,
whilst at the same time drawing on established and general principles
that underpin the primary sciences being utilised.
Therefore, the complexity of trace evidence both in terms of its na-
ture and in its application to reconstruction activities can be acknowl-
edged. The importance of incorporating an understanding of this
complexity into any approach for forensic reconstruction is clear.
Thus, the model presented here, hereafter referred to as the FoRTE
model, aims to offer a conceptual understanding of trace evidencewith-
in forensic reconstruction. Themodel offers a holistic viewwith the pur-
pose of enabling thewealth of information from different forms of trace
material to be fully realised and effectively incorporated into forensic
reconstruction approaches.
3. A conceptual model for holistic trace evidence interpretation and
forensic reconstruction: FoRTE
The FoRTE model seeks to present the holistic system within which
trace evidence is situated, that is needed for robust forensic reconstruc-
tion (Fig. 1).
This model seeks to identify the interacting components that con-
tribute to the interpretation of trace materials (a key focus of forensic
reconstruction approaches) and incorporate a focus on addressing dis-
tinctive forensic science questions such as how do we understand the
‘problem’. Thus, themodel presents away of considering tracematerials
and forensic reconstruction in amanner that leverages the value of trace
evidence and enables an integrated and effective approach to research
within forensic science, the formulation of policy, and the development
of best practice.
The model is composed of 4 components:
1. the forensic science process
2. the evidence base
3. the interaction of different forms of trace evidence
4. the role of expertise and human decision making
3.1. The forensic science process
The forensic science process has been articulated in a number of
ways in the published literature with examples such as themodels pre-
sented by Inman and Rudin [25], Morgan and Bull [2] Ribaux and Talbot
Wright [26], and Ribaux et al. [27]. It is a connected and iterative processFig. 1. A conceptual model of forensic reconstruction and the role of trace evidence
(FoRTE).
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(2017), http://dx.doi.org/10.1016/j.scijus.2017.06.002with each stage of theprocess intrinsically linked to the other stages and
each stage dependent upon prior stages. It is acknowledged that the
model presented in Fig. 1 provides a necessarily simplistic representa-
tion of this iterative and interconnected forensic science process as
one component of the model.
The actions and decisions taken at the crime scene will have an im-
pact on the questions asked of the evidence and therefore the type of
analysis undertaken on exhibits in the laboratory, the approach taken
tomake inferences about the results of the analysis, and how those con-
clusions are presented as intelligence and/or evidence. There are also
different types of knowledge embedded into that process; the knowl-
edge of the different actors involved at different stages (expertise), the
forms of trace materials that are present and their interaction with
other trace materials, and the degree to which those trace materials
can lead to inferences of either source and/or activities pertinent to
the forensic reconstruction.
Only with an appreciation of the whole process and the interactions
within it can the most effective and valuable questions for forensic re-
construction be posed and addressed. For example, being aware of the
speciﬁc variables in play at the crime scene will enable the most perti-
nent questions to be asked at that stage (for example, it may be that a
question of ‘who’ is more important than a question of ‘if’ or ‘how’ in a
speciﬁc case). When the most germane questions are established, the
most pertinent and potentially most valuable evidence can then be
sought and collected. Furthermore, the analysis of any of thosematerials
can be tailored to those questions, in addition to incorporating an
awareness of the ultimate use of that analysis (intelligence and/or evi-
dence). An appreciation of each case speciﬁcally, and an awareness of
every part of the process holistically, will enable the most effective
questions to be asked. The formulation of the most effective questions
also offers the means to guide where resources will be most efﬁciently
directed to achieve the forensic reconstruction in that speciﬁc case.
3.2. Evidence bases
Therefore, there are multiple factors within the forensic process that
need to be incorporated into an understanding of trace materials that
will enable robust interpretation and ultimately forensic reconstruction.
The importance of an evidence base that can underpin all the activities
at each stage of the forensic process cannot be overstated. Indeed, the
importance of a research culture within forensic science has been pre-
sented [11,15] and the value of empirical foundations for the interpreta-
tion of forensic evidence articulated [28]. These are important calls to
incorporate into any conceptual understanding of forensic reconstruc-
tion. The strong knowledge bases that exist inmany of the parent disci-
plines that have been validated and tested (such as analytical chemistry
methods) need to be utilised in concert with a bespoke evidence base
pertinent to the forensic science endeavour.
Forensic science therefore requires a speciﬁcally ‘forensic science’
evidence base that underpins each part of the forensic process. That ev-
idence base needs to incorporate data that address the two major as-
pects of trace interpretation:
• trace evidence dynamics: the transfer, persistence, preservation of
trace materials to allow inferences to be evidence based and the sig-
niﬁcance and weight of evidence to be transparently established.
• human decision-making in the interpretation of trace materials: the
interaction of expertise, experience, and cognitive biases and their im-
pact on decision-making, particularly probabilistic decision-making,
under conditions of uncertainty.
In order to establish such evidence bases it is important that the data
produced to create and develop them is empirically based (incorporat-
ing testable hypotheses), casework informed (addressing pertinentand forensic reconstruction. Part I: A conceptual model, Sci. Justice
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implementable results (outcomes that are applicable in the ﬁeld).
Therefore, the role of context sensitive, speciﬁc evidence bases such
as the studies undertaken within the forensic science domain during
casework to provide context to questioned specimens collected from
speciﬁc locations [29] are highly important in addition to themore gen-
eralized evidence bases that seek to offer insights into wider popula-
tions (such as national DNA and ﬁngerprint databases). The existence
of such evidence bases enables evidence-based practices (such as
where to ﬁnd pertinent evidence as outlined in Morgan et al. [30]),
and the assessment of the signiﬁcance and weight of trace evidence
found in a particular form or in a certain amount and in a speciﬁc loca-
tion (such as the experimental studies of French andMorgan [23] iden-
tifying the potential for multiple transfers of gunshot residue or of
McElhone et al. [31] addressing the generation of footwear marks in
blood).
3.3. The interaction of different forms of trace evidence
The third component of the model is the development of frame-
works that harness the different forms of evidence from the whole fo-
rensic process in an integrated manner that is reproducible,
transparent, evidence based, context sensitive and yet sufﬁciently
generalisable. Such frameworks allow the body of evidence to be con-
sidered as a whole, but also offer a clear approach for incorporating dif-
ferent forms of evidence into the forensic reconstruction process.
This is arguably the least developed component within forensic re-
constructions. Whilst a number of approaches have been outlined in
the literature [32,33], there is still a need for a framework that can incor-
porate all the different types of evidence pertinent to a particular case
and can assess the inferences that are feasible to be made from each
form of evidence. It also needs to identify the interaction between the
different forms of evidence and provide a means of clearly illustrating
the signiﬁcance of each line of evidence individually, and within the
body of evidence as a whole.
Approaches such as BayesianNetworks that can represent causal de-
pendencies and probabilistic relationships between variables in addi-
tion to capturing the interrelatedness of a number of different types of
evidence appear to have signiﬁcant potential [34,35]. However, regard-
less of the speciﬁc tools used to achieve such frameworks, it is important
to have the means of presenting the different forms of evidence perti-
nent to a case, and assessing the interaction between them. This should
be in a manner that is reproducible, and that offers transparency to the
process of inferring signiﬁcance and weight of individual forms of evi-
dence as well as the body of evidence within a case as a whole.
3.4. The interaction of expertise
The ﬁnal component of the model is the role of expertise in the de-
cision-making within each of the other three components (the forensic
science process, the evidence base and the frameworks). It is important
to recognise that decision-making is integral to each of these compo-
nents. For example, within the forensic science process, decisions need
to be made at the crime scene as to where to look for evidence, and
what evidence to prioritise. It may be that prior knowledge of the
crime situation exists and this will also inform the decisions made at
the crime scene. At the analysis stage, decisions need to be made
concerning the best analytical technique to apply, and the order to un-
dertake different analyses of a sample. At the interpretation stage deci-
sions need to be made to identify the competing hypotheses that need
to be considered in order to discern the signiﬁcance and weight of a
trace material. Within the evidence bases required to underpin each of
the stages within the forensic science process, decisions are made as
to the pertinent questions to answer and the design of experimental
work that is required to address those questions. All of these decisions
require the application of varying levels of expertise.Please cite this article as: R.M. Morgan, Conceptualising forensic science
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(‘knowing that’) and skill (‘knowing how’) [36]. Experience is a quality
that underpins all the facets of expertise that includes technical skills
that are learnt and developed over time, skills that are acquired through
practice, and routines or heuristics that are also developed over time
and often to some degree at a subconscious level. An appreciation of
the degree to which expertise is integral to each of the three compo-
nents within the model highlights the importance of forensic recon-
struction approaches that can incorporate both empirical evidence
bases and expertise within each phase. It is highly important to recog-
nise the value of different types of knowledge in forensic reconstruc-
tions. Given that every case is different and therefore effective forensic
reconstruction requires sensitivity to the context of each case, there is
a need to consider the best way of developing problem-solving recon-
struction approaches that incorporate both empirical evidence bases
and expertise. This is an issue related to, but outside of, the current de-
bates addressing the role of experience and empirical evidence [37–40],
yet it is a critical issue. It is highly important that trace evidence is
interpreted and presented in an empirical, balanced, transparent, repro-
ducible way that at the same time has the capacity to incorporate sensi-
tivity to speciﬁc case contexts. This is not a simple task andwill require a
nuanced approach that ensures that the requirements of the science,
law and policy domains are satisﬁed. Yet it is critical to engage with
this issue in order to ensure the broad remit of ‘forensic science’ is sup-
ported and the value of trace evidence and robust reconstructions is
fully realised. This is addressed and explored further in part II of this
paper.
4. The recapturingof forensic science as a scientiﬁc endeavour rather
than a mechanical practice
It can be argued that the remit of forensic science has been narrowed
in the last 20 years. The focus has become primarily upon the evermore
reﬁned and accurate classiﬁcation and identiﬁcation ofmaterials, with a
particular emphasis on validity and quality assurances of the processes,
procedures and protocols. This stands in contrast to the traditional ap-
proaches in forensic science of problem solving for forensic reconstruc-
tion [4]. It has been argued that a return to the approach of scientiﬁc
endeavour rather than primarily focussing on the mechanistic valida-
tion of processes is critical [4,8]. Alongside this, incorporating an aware-
ness of the requirements of the law in its broadest sense [16,41] and
embedding research into both practice and policy within forensic sci-
ence [11,15] is needed.
A return to ‘scientiﬁc endeavour’ will therefore need to incorporate
both empirical and expert evidence bases. The FoRTE model presented
here aims to articulate a conceptual understanding of the components
of forensic reconstructions utilising trace materials. The model presents
a means of developing a problem solving approach that incorporates
both empirical evidence bases and the expertise of scientists and profes-
sionals within the forensic science domain. It is hoped that the incorpo-
ration of such a holistic and systematic view of forensic reconstruction
has the potential to offer a transparent and evidence based foundation
for adopting an ‘ongoing critical perspective’ [11:726]. Such a perspec-
tive will lead to the most effective questions being asked, the most ap-
propriate analyses being undertaken and the enabling of robust
inferences to bemade thereby contributing to a distinctive ‘forensic sci-
ence culture’ as outlined by Margot [42]. This perspective will ensure
that research is focussed upon the critical questions we need to answer
to underpin forensic science and ensure the potential of trace evidence
is unlocked and can contribute to effective forensic reconstruction
approaches.
The critical role of different forms of knowledge that are embedded
in the components of the FoRTE model is addressed in part II of this
paper. In order to identify potential paths forward within forensic sci-
ence, an understanding of the diverse strengths and requirements of
the different intersecting domains of research, practice and policy/lawand forensic reconstruction. Part I: A conceptual model, Sci. Justice
5R.M. Morgan / Science and Justice xxx (2017) xxx–xxxis needed. Articulating the dominant forms of knowledge and ap-
proaches to innovation within different institutions, is critical to suc-
cessfully make use of the FoRTE model within the development of
forensic science. Therefore, bringing together the FoRTE model with
an understanding of the infrastructures of key institutions is the next
step to identifying how to regain forensic reconstruction approaches
that contribute to ‘forensic science’ as a scientiﬁc endeavour.
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